OBJECTIVEdBehavioral interventions targeting "free-living" physical activity (PA) and exercise that produce long-term glycemic control in adults with type 2 diabetes are warranted. However, little is known about how clinical teams should support adults with type 2 diabetes to achieve and sustain a physically active lifestyle.
T he global prevalence of diabetes is predicted to increase from 171 million individuals (2.8%) in 2000 to 336 million (4.4%) in 2030 (1) . Because the increase in prevalence is most marked in younger adults, the disease is expected to inflict a devastating toll on the future working-age population in terms of premature coronary heart disease, amputations, and blindness (2) . The main causal risk factor for type 2 diabetes is an imbalance between energy expenditure and energy intake through food consumption (3, 4) . Drug-based interventions are unlikely to provide the solution to this widespread problem and interventions aimed at increasing energy expenditure through physical activity may provide an effective alternative, because the majority of people with type 2 diabetes are physically inactive when compared with national averages (5) .
Physical activity (PA; regular movement such as walking) and exercise (structured activities such as running or cycling), along with diet and medication, are the cornerstones of diabetes management (6) . Several reviews (7, 8) and metaanalyses (6, (9) (10) (11) report that increased PA and/or exercise produce a significant improvement in glucose control in people with type 2 diabetes, yielding an average improvement in hemoglobin A 1c (HbA 1c ) of between 20.4% and 20.6%. Despite the clear benefits of increased PA and exercise upon glycemic control, little is known about how clinical care teams should support people with diabetes to achieve and sustain a physically active lifestyle. This evidence-practice gap is seriously hindering the effectiveness of PA and exercise as a therapeutic intervention in routine diabetes care.
Behavioral interventions targeting PA and exercise are heterogeneous in terms of content, implementation, and effectiveness. Interventions differ on a range of dimensions, for example, the theory of behavior change used to underpin them; the behavior change techniques used to encourage change (e.g., goal setting, use of follow-up prompts); and delivery of the intervention (e.g., frequency and duration of contact; one-to-one vs. group delivery). Working around a theory or model of behavior change may assist selecting, sequencing, and communicating relevant behavior change techniques. Techniques, in turn, describe the means of operationalization, e.g., what interventionists do to bring about change, regardless of the use of explicit theory. Despite the benefits of behavior change theory and specific theory-linked behavior change techniques (12, 13) , historically behavioral interventions have frequently omitted adequate descriptions of the specific theory or model of behavior change used, explicit details of intervention content, and how this was operationalized and evaluated (14) , limiting the efficacy of the intervention and replication outside the research setting. Elucidating the theory, content, and delivery of interventions may help to explain the heterogeneity in effect sizes usually observed in systematic reviews and, thereby, to identify what works and what does not, which provides the evidence needed to direct clinical care and research.
Our objective was to conduct a systematic review to answer the following questions: are behavioral interventions more effective than standard clinical care for improving "free-living" PA and exercise and HbA 1c in adults with type 2 diabetes in clinical or community settings, and what behavior change theories or theory-linked behavior change techniques (and other features of behavioral interventions) are associated with clinically significant improvements in HbA 1c ?
RESEARCH DESIGN AND METHODSdThis systematic review followed a published protocol (15) and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (16) .
Inclusion criteria
Studies were randomized controlled trials (RCTs) of behavioral interventions targeting free-living PA and exercise in adults (18 years or older) with type 2 diabetes (controlled by diet or oral medication or insulin therapy) with a minimum followup period of 1 month from baseline. Interventions were delivered in clinical and community settings. Studies also included the primary outcomes: change in level of PA and exercise and change in HbA 1c .
Exclusion criteria
Studies were excluded if interventions targeted PA and exercise and diet, although studies were retained if all study participants received a dietary component that was consistent with usual care. Studies were also excluded if they targeted multiple chronic diseases; gestational diabetes or had no focus on engaging in free-living PA and exercise outside of supervised sessions. Studies that included the following components were also excluded: combinations of diet or pharmacological agents with PA and exercise in one arm of the trial; comparisons of pharmacological agents alongside and against PA and exercise; or comparisons of different behavioral interventions targeting PA and exercise that did not include a comparison arm that constituted usual care.
Search strategy
PsycINFO, Medline, CINAHL, EMBASE, Scopus, and the Cochrane Library were searched using a combination of MeSH headings and key words to identify potentially relevant literature (Supplementary  Table 1 ). Searches were completed up to January 23, 2012, and were limited to RCTs published in the English language. Manual searching of reference lists and citation searching of studies fulfilling the eligibility criteria were also conducted.
Selection of studies
Two authors independently screened the titles and abstracts of articles. Articles retained at the first stage were reassessed independently for inclusion by the same two authors using a study selection form, with disagreements resolved via discussion with the review team.
Data extraction
Details on the study population, interventions, comparators, and outcomes were captured using a structured data extraction form. All included studies underwent independent assessment by at least two of the authors (disagreements were resolved via discussion). Corresponding authors of included studies were contacted via e-mail to request additional data when applicable. The Cochrane Collaboration risk of bias tool (17) was used to appraise methodological quality and assess overall risk of bias (low, unclear, or high) within and across studies for each outcome. Data on treatment fidelity were assessed using published guidance (18) . Descriptions of intervention content were coded into specific theory-linked behavior change techniques using a reliable and comprehensive taxonomy for intervention techniques targeting PA (19) . Behavior change techniques utilized in both intervention and usual care groups were not coded to enable identification of those techniques that could be attributed to changes in outcomes.
Data synthesis
Data on changes in PA and exercise, HbA 1c , and BMI were synthesized using meta-analytic techniques (RevMan v5.1, Cochrane IMS). Studies reporting sufficient data to enable calculation of effect sizes were included in meta-analyses. Random effects models were selected to allow for between-group and withingroup differences (17) . When studies included multiple trial arms, data on each intervention arm compared with the usual care arm were included in meta-analyses. Excessive weightings were controlled in studies with multiple intervention arms, consistent with published guidance (17) . Heterogeneity was assessed using I 2 , with values .50% considered heterogeneous (20) . Measures of intervention effects on PA and exercise, HbA 1c , and BMI are presented as a function of timing of follow-up measurements: $1 month to ,6 months (short-term); 6 months (short-term to medium-term); 12 months (mediumterm); and 24 months (long-term). Overall measures of effect for interventions represent average effect sizes across these followup periods.
To account for variation in the methods used to assess PA and exercise across studies, objective measures (accelerometer [activity counts and/or minutes spent active] and pedometer [steps]) were combined in meta-analyses. Self-reported data on PA and exercise were combined if sufficient information was provided about the content of the measures (i.e., 7-day recall of PA and conversion of activity intensity into MET values or minutes/ hours spent active). Sensitivity analyses were undertaken by excluding outlying studies and any with negative ratings on indices of methodological quality.
Moderator analyses were conducted on characteristics of behavioral interventions identified in a minimum of three studies to explore any impact on change in HbA 1c ($20.30% HbA lc as a cutoff value for a clinically significant improvement). These analyses should be considered exploratory and were undertaken to identify any potential foci of future research and clinical practice.
RESULTSdNineteen articles reporting 17 RCTs (21-37) fulfilled the review criteria ( Supplementary Fig. 1 ). Two RCTs (27, 30) were reported across two articles (38, 39) . For another four RCTs (21, 29, 36, 37) , additional articles were consulted to obtain information on intervention content (40) (41) (42) (43) (44) (45) (46) (47) .
Eleven RCTs were conducted in Europe (21, 22, (24) (25) (26) (27) (28) (30) (31) (32) 37) , two in Australia (23, 35) , three in North America (33, 34, 36) , and one in Asia (29 (24) (25) (26) .
The studies had a combined total sample size of 1,975. Eight studies included approximately equal numbers of women and men (25, (27) (28) (29) (30) (31) 36, 37) , whereas nine studies had disproportionate numbers of women (23, (32) (33) (34) (35) and men (21, 22, 24, 26) . Participants were, on average, aged between 51 and 55 (29, 33, 36, 37) , 58 and 59 (21, 30) , 60 and 64 (22, 23, (26) (27) (28) 31, 32, 34, 35) , or 66 and 70 years (25) . One study included participants aged 35 to 75 years (24) . Information on time since diagnosis was described in 11 studies (21, 22, (24) (25) (26) (27) 29, 31, 32, 34, 36) . Twelve studies (21) (22) (23) (25) (26) (27) 29, 31, 32, (35) (36) (37) reported sufficient information on management of type 2 diabetes (diet, oral medication, and/or insulin therapy). A summary of the key characteristics of the 17 RCTs can be found in Supplementary Table 2 .
Methodological quality assessment and treatment fidelity Supplementary Table 3 presents details of methodological quality assessment and overall risk of bias within and across studies for each outcome. Eight studies provided sufficient information to establish the use of adequate randomization sequences (21, 25, 27, 28, 30, 31, 33, 34) . Six studies provided sufficient detail on the methods used to conceal allocation sequences (21, 24, 25, 30, 31, 33) . Seven studies provided explicit detail on the use of blinding of care providers (22, 37) or outcome assessors (21, 24, 25, 31, 33) . The majority of studies provided sufficient detail to establish the likely absence of selective outcome reporting, incomplete outcome data, and other potential sources of bias.
Twelve studies reported a power calculation (21, 22, (24) (25) (26) (27) (28) (29) (30) (31) 33, 34) , with nine reporting achievement of required sample sizes at final follow-up (21, 22, (26) (27) (28) (29) (30) (31) 34) . One study had an attrition rate of .20% at final follow-up (36) . Eleven studies reported using an intention-to-treat analysis (21, 22, (24) (25) (26) (27) (28) 30, 31, 33, 34) . The overall risk of bias for HbA 1c , self-reported PA, and BMI was graded as "unclear," and "low" for objectively assessed PA.
The treatment fidelity assessment (Supplementary Table 4) identified that all 17 studies provided sufficient detail to establish the use of treatment fidelity strategies related to study design (e.g., measures taken to ensure length/duration and frequency of contact within intervention groups).
Five studies referred to training of interventionists (21, 25, (29) (30) (31) , although only two studies explicitly described strategies for monitoring and improving interventionist training (21, 25) . Fourteen studies described methods to improve delivery of interventions (21,22,24-27,29-31,33-37) (e.g., providing frequent supervision to interventionists, using scripted intervention protocols, and taking steps to control contamination across intervention and usual care groups). All 17 studies provided sufficient detail to establish use of strategies to monitor and improve the ability of patients to understand the intervention-related cognitive and behavioral skills and strategies to monitor and improve enactment of interventionrelated skills in relevant real-life settings (e.g., prompting participants to set goals, self-monitoring of progress, conducting follow-up discussions and telephone calls, and opportunities for participants to review the effect of increased PA on blood glucose levels).
Changes in PA and exercise Behavioral interventions (compared with usual care) showed a statistically significant increase in levels of objectively assessed PA and exercise (standardized mean difference [SMD] = 0.45, 95% CI = 0.21-0.68, I 2 = 55%) based on data from six studies (24, 25, 26, 30, 31, 36) (Fig. 1) . With the exception of 6 months, this effect was found for the follow-up period $1 month to ,6 months (SMD = 0.70, CI = 0.36-1.04, I 2 = 0%) and 12 months (SMD = 0.42, CI = 0.04-0.80, I 2 = 57%). Sensitivity analyses (exclusion of one study with a high attrition rate) (36) resulted in a slight decrease in magnitude of the overall effect (SMD = 0.41, CI = 0.15-0.66, I 2 = 58%) and at the $1 month and ,6 months follow-up period (SMD = 0.59, CI = 0.18-1.00, I 2 = 0%). Likewise, the 14 RCTs providing selfreported PA and exercise data showed an overall significant positive intervention effect (SMD = 0.79, 95% CI = 0.59-0.98, I 2 = 74%) (21-23,25-27,29-35,37) (Supplementary Fig. 2 ). These effects were maintained across all follow-up periods, with the exception of 24 months.
Changes in HbA 1c
Behavioral interventions (compared with usual care) showed statistically and clinically significant improvements in HbA 1c 
Moderators of intervention effects on HbA 1c
Twenty-five different behavior change techniques were identified across the 17 studies (Supplementary Table 5 ). The studies used a minimum of two and a maximum of 14 behavior change techniques (median 10, IQR 8).
Exploratory moderator analyses comparing effect size estimates for trials with or without a range of intervention features (i.e., behavior change techniques, modes of delivery, and theory use, Table 1 ) suggested that effects varied considerably. Although these differences do not equate to statistical significance reflecting the limited power based on the current evidence, these analyses suggest that utilization of 10 different behavior change techniques within behavioral interventions may be associated with clinically significant improvements in HbA 1c ($0.3% HbA 1c ): prompting generalization of a target behavior; use of follow-up prompts; prompt review of behavioral goals; provide information on where and when to perform PA; plan social support/social change; goal setting (behavior); time management; care.diabetesjournals.org DIABETES CARE, VOLUME 35, DECEMBER 2012prompting focus on past success; barrier identification/problem-solving; and providing information on the consequences specific to the individual. Clinically significant improvements in HbA 1c were also suggested for studies utilizing more behavior change techniques (median $10), interventions underpinned by a theory or model of behavior change, and durations of $6 months. These analyses also suggested that different modes of intervention delivery, interventions utilizing pedometers, interventions of greater intensity (median $14 contacts), and inclusion of a supervised PA and exercise component were not associated with clinically significant improvements in HbA 1c .
CONCLUSIONSdThere is evidence to report that behavioral interventions (with low or unclear risk of bias) targeting increased PA and exercise produce a clinically significant improvement in HbA 1c in adults with type 2 diabetes. Specific behavior change techniques may increase the likelihood of clinically significant improvements in HbA 1c . Regarding utilization of behavior change techniques, more might be better.
Other intervention features such as utilization of theory and intervention duration may also impact upon intervention effectiveness.
A strength of this dataset is that all studies were undertaken in clinical care or community settings, demonstrating potential clinical utility. The major implication of this review is that behavioral interventions have potential to effectively reduce HbA 1c in adults with type 2 diabetes in routine clinical care. The reductions in HbA 1c of 0.21 to 0.44% are consistent with previous meta-analyses, including a wider collection of PA and exercise studies (6-11). Follow-up periods of ,6 months failed to show a significant impact on HbA 1c . However, ,6 months duration is not sufficient to elicit an observable effect on HbA 1c , highlighting that longer behavioral interventions are needed if clinically meaningful changes in HbA 1c are desired. The benefits to glycemic control were sustained for up to 24 months (Fig. 2 ) and were comparable with common long-term drug or insulin therapy (48,49). Potential limitations of this review are the disparate definitions of "usual care" across studies and the possibility of selection and/or performance and detection bias attributable to either absence or lack of reporting on allocation concealment and blinding, respectively. However, blinding of participants and study personnel is inherently problematic in behavioral studies. Publication bias is possible, although an inspection of funnel plots for primary outcomes did not show any substantial asymmetry, indicating a low risk of publication or small study bias.
Critically, all studies reviewed involved supporting adults with diabetes to undertake free-living PA and exercise. Despite the focus on PA and exercise, meta-analyses reported significant heterogeneity for objective (Fig. 1) and selfreported PA (Supplementary Fig. 2 ). Although there were individual differences in response, the variations in sensitivity and specificity in monitoring PA and exercise between the different objective and self-reported methods observed will have contributed to this heterogeneity. The lack of accurate, standardized, and transparent methods for monitoring PA and exercise remains a significant barrier to accurately determining the efficacy of interventions targeting free-living PA and exercise and should be addressed in future studies. This lack of sensitivity also makes describing what participants are doing difficult, limiting discussion about what type, intensity, and frequency are minimal and optimal to confer benefit. Furthermore, many interventions reported reductions in BMI ( Supplementary  Fig. 3) . Because PA or exercise alone is generally insufficient to incur weight loss (50), this suggests an impact of behavioral interventions targeting PA and exercise on calorie intake, and Hawthorne effects cannot be ruled out. Furthermore, there is a complex relationship between mode and intensity of activity, nutrition, and the behavioral methods used to achieve these that is not addressed in this article. However, the lack of detail about calorie intake or different modes of PA and exercise should not detract The studies identified used a range of behavior change theories and behavior change techniques that may moderate the effectiveness of the behavioral interventions. Although effect sizes found in moderator analyses do not differ significantly from the main findings, they help identify specific candidate behavior change techniques most likely to be effective for future research and as potential foci for clinical practice. Ten behavior change techniques (19) were associated with potential clinically significant improvements in HbA 1c : prompting generalization of a target behavior (e.g., once PA is performed in one situation, the individual is encouraged to try it in another); use of follow-up prompts (e.g., telephone calls in place of face-to-face sessions to support maintenance); prompt review of behavioral goals (e.g., review whether PA goals were achieved followed by revisions or adjustments); providing information on where and when to be active (e.g., tips on places and times to access local PA and exercise clubs); plan social support and social change (e.g., encourage individuals to elicit social support from others to help achieve a PArelated goal); goal setting (e.g., supporting individuals to formulate specific, measurable, achievable, relevant, and timely PA-related goals); time management (e.g., making time to be active); prompting focus on past success (e.g., identifying Further research also is required to determine what professional training enables care providers to effectively deliver behavioral interventions. Five studies reported that individuals delivering the interventions had been trained for this purpose, but only two studies provided information on mode, content, and utilization of strategies for monitoring and improving delivery of training. Professional training is a crucial component of behavioral interventions because it improves treatment fidelity and enhances reproducibility in routine practice. Both the mode of delivery and pathway of care provider training have a significant impact on the cost of delivering the intervention and, as a result, the likelihood of implementation in routine care. Future studies, in addition to describing behavior change theories, behavior change techniques and how these were operationalized also should report on how care providers were trained and aspects of treatment fidelity. This increased clarity will assist in addressing the current evidence-practice gap and will serve to increase the efficacy of PA as a management option in routine diabetes care.
Combined, these data reveal that behavioral interventions targeting increased PA and exercise in clinical care or community settings have significant clinical utility. Although these observations are encouraging, there remains a pressing need for further research to understand how these should be optimized and implemented into routine clinical care. A. conducted the metaanalyses and moderator analyses. All authors provided input to the development of the methods, data extraction, data analyses, and drafting of the manuscript. M.I.T. is the guarantor of this work and, as such, had full access to all data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
Elements of this systematic review were presented as a poster at the Diabetes UK Annual Professional Conference, Glasgow, U.K., 7-9 March 2012. 
